One of these properties is the cell's ability to reproduce itself. This enables the skin to repair itself when injured. Intact skin creates an effective barrier against infection and other environmental hazards. The cells at the outermost layer become modified, providing a tough waterproof layer. Another special layer contains cells called melanocytes, which produce melanin-the pigment that determines the color of the skin.
Dermis
The connective tissue of the dermis is loosely arranged with several different types of fibers between the cells, which give the skin its characteristics. These include: • Tough and strong fibers. • Stretchable and elastic fibers . • Dense, intertwining fibers made of collagen found in the deeper part of the dermis, accounting for the skin's toughness. The dermis is a much thicker layer than the epidermis and additionally contains muscle fibers, hair follicles, sweat and sebaceous glands, many blood vessels, and sensors for pain , pressure, touch, and temperature.
Burns going through the dermis have a profound effect on many bodily functions . This creates problems with temperature regulation, sensory response, and increased risk for infection. constriction are also components of the temperature regulation mechanism of the body. .
An additional assessment of perfusion performed on the skin is capillary refill. The nurse can assess this factor by blanching the thumbnail or the fleshy part of the palm at the base of the thumb. Normal perfusion returns the color (blood flow) in 2 seconds or less. For most individuals , a delay of color returning beyond 2 seconds is indicative of some hypoperfusion state, such as decreased cardiac output or volume depletion.
Hydration
The state of hydration in the body is reflected in the skin. The nurse will be able to determine if the individual is dehydrated, overhydrated (exhibits edema), or appears to have normal hydration. The hydration problems associated with bum injuries are not treated in the prehospital setting.
Nerve Function
Does the victim experience sensation in a normal way? The sensations the nurse can evaluate include pain, pressure, sharp, dull, etc. Complaints of abnormal sensations in the form of numbness and tingling, called paresthesia, may indicate pressure on a sensory nerve root as it connects to the spinal cord . The bum victim is generally managed as a trauma victim and needs to have cervical spine precautions prior to movement.
Diaphoresis
Moisture on the surface of the skin is due to activity of the sweat glands found in the dermal layer. The presence of sweat after vigorous activity or in a very warm environment is normal and expected. The presence of sweaty skin on an individual losing blood, experiencing chest pain, or other stresses to the body is a serious finding.
During the sympathetic response caused by such stresses, many changes occur in the body, including the release of epinephrine and norepinephrine and other chemicals. These chemicals have profound effects on the heart , lungs, and other vital functions. Simple observation and touching of the skin provides a wealth of information . When diaphoresis is present, the nurse is alerted to the possibility of changes in vital functions. 
ASSESSMENT OF THE SKIN
The many structures contained in the dermal layer enable the nurse to use the skin for evaluating several physiological processes, such as perfusion, nerve function, hydration, and diaphoresis.
Perfusion
The many blood vessels in the skin respond to subtle changes within the body and are the first vessels involved in blood shunting during a sympathetic response (fight or flight). The vessels may be dilated , constricted, or of normal tone and correspond with the temperature and color of the skin: warm and flushed, pale and cool, or of normal color and temperature, respectively. Vasodilation and
SEVERITY OF THE BURN WOUND
The first step in evaluating the depth of bum is a visual examination. The severity of the burn injury is determined primarily by the extent of body surface involved and the depth of bum (see Figure 1 ). The depth of injury to the skin can be described as first degree , second degree , and third degree bums (Campbell, 1995) . This initial evaluation is only an estimate and serves as a guide for the nurse. The full extent of the injury may not be apparent until hours or days later.
First Degree Burn
A first degree bum is an injury primarily limited to the epidermis or the upper layers of the skin. It is fre- 
Example Problem
A 35 year old male opens up a valve which causes hot steam to spew out of the pipe. The employee sustains first degree bums to the face, second degree bums to both legs, and third degree bums to both arms and chest. According to the Rule of Nines (see Figure 2 ) the victim suffered bums on 81% of the total body surface (TBS). tissues below the skin. Mortality rates are high in this category (Campbell, 1995) .
Extent of Burn
Lund and Bower and the Rule of Nines are methodologies used to determine the extent of a bum injury. However, in the prehospital setting the Rule of Nines is the most commonly used method. Although it is not completely accurate, it is simple and calculations can be done rapidly (Upright, 1991) . The Rule of Nines for adults (see Figure 2 ) is used to give a rather gross estimation of extent of injury by identifying 11 zonal regions that could be affected. This method expresses the extent and seriousness of a bum as a percentage of the total body surface area. All soot and debris need to be removed from the body before an accurate estimation can be made.
The Rule of Nines is also one of several formulas that serve as a reference for fluid resuscitation and transportation guidelines. One of the earliest physiologic events that occurs in burned skin is massive capillary leakage, allowing intravascular fluid to escape into the extracellular space. The larger the burn, the more fluid involvement will occur in the skin and visceral organs away from the burn site. Despite "third spacing" of fluids, the kidneys will continue to produce urine. Urinary output and specific gravity are easily monitored in the hospital to evaluate effectiveness of fluid resuscitation. In the occupational setting, the goal of fluid administration is adequate perfusion and oxygenation of cell organ systems.
When referencing the Rule of Nines, the nurse ascertains the total body surface bum by a quick visual examination. For example:
The breakdown of the percentage of body burned is described in Table 1 . quently a result of exposure to sunlight, low intensity heat, or a short duration flash exposure to a heat source. These burns are typically bright red, exhibit minor edema, are painful, and usually heal within 3 to 5 days without scarring. They generally do not require definitive care beyond first aid treatment such as cool moist compresses.
Head and Neck 9%
Area (shoulder to fingertips) CJOIo
Second Degree Burn
A second degree bum penetrates the epidermis and varying depths of the dermis as a result of exposure to heat-scald, flame, or chemical. It is manifested by blister like formations, redness, and complaints of a great deal of pain. Second degree burns also are referred to as partial thickness burns because the dermis is still intact and complete regeneration of the skin is very likely. However, scarring and restricted joint movement in the future may result in persistent pain and disfigurement (McSwain, 1990) .
Third Degree Burn
A third degree or full thickness bum is an injury that destroys both the epidermis and dermis. The injury may extend into the underlying subcutaneous tissue, muscle, bone, or other adjacent structures. The skin may appear charred and leathery or may be dry and pale. Pain is typically absent, as peripheral nerve endings are destroyed. Sensation and capillary refill are absent. The bum destroys the entire dermis, impairing the tissue's regenerative properties and makes healing difficult, unless the wound is small or skin grafting is possible. All third degree burns leave scars (Upright, 1991) .
Fourth Degree Burn
Some bum classifications include a fourth degree bum to describe a full thickness injury penetrating the subcutaneous tissue, muscle, fascia periosteum, or bone. These burns result from incineration type exposure and electrical bums in which the heat is sufficient to destroy
SCENE SAFETY
The most important concept in emergency management of bum victims is scene safety, the nurse's own safety, and ultimately, the victim's safety. Fire, rescue, and emergency personnel injuries that occur while rescuing other bum victims comprise 1% of all bum victims. While it is important to assist the injured, it is more important not to become a victim. The safe removal of the victim from the bum source is the initial goal, before rendering any type of treatment (Bledsoe, 1994) .
Specific dangers accompany each bum source. For example, chemicals are not always visible or known to the nurse. Rescuers, hospital workers, and bystanders have sustained severe chemical bums by not knowing whether the scene involved toxic or caustic chemicals.
The appropriate specialized protective equipment can minimize injury (Murnane, 1992) . Specific protocols and procedures can be instituted with the concurrence of emergency response teams, the local EMS agency, and the regional bum center. This preplanning is paramount and can prevent tragedies.
Nonpredictable events do occur fires in which there may be no warning to the rescuers. For example, in fires contained within buildings, a phenomenon exists in which a "flashover" or the sudden explosion of materials occurs when temperatures rise in excess of 3,000°. Removal of victims from even a seemingly controlled environment must take priority over emergency treatment (Murnane, 1992; Upright, 1991) .
Electricity can be extremely dangerous to the responding nurse. Electricity poses special hazards and requires additional training and knowledge of high voltage. Even objects commonly known to be safe (i.e., firefighters' gloves, wooden chairs, manila rope) may not provide adequate protection. The ideal situation is to be able to tum off the electrical source prior to any rescue attempt or wait until appropriate individuals arrive at the scene (Campbell, 1995) .
Concise dispatch information is crucial in anticipating any potential hazards at the scene. The following information should be established at the initial dispatch call: • Mechanism of injury. • Potential hazards. • Estimated number of victims. • Type(s) of injuries (Lim, 1997) .
Scene safety must be established and maintained during the entire rescue attempt. This is a serious responsibility in the occupational setting, beginning with the dispatch of the rescue team and ending with the transportation of a victim to definitive care.
PRIMARY SURVEY
Bum management is difficult for the nurse due to the dramatic visual impressions at the scene. Yet most victims do not die rapidly at the scene as a result of bum injuries. Bum victims also may experience associated injuries as a result of blunt or penetrating trauma, explosions, or vehicular accidents. All bum victims need to be managed as trauma victims with a primary survey completed to determine if a "load and go" situation exists which will take precedence over the bum injury (see Figure 3 ) (Lim, 1997) .
After being assured the scene is safe, the initial responsibility of the nurse is to stop the burning process. It is important not to allow the victim to run or stand after being burned by fire. The individual should be placed on the floor, rolled, and doused with a large amount of water. Removing all smoldering or chemically contaminated clothing and jewelry is important to minimize any chances for heat retention. The nurse needs to cut away any clothing that is adherent to the skin, but should not try to force imbedded clothing from the skin. In thermal injuries, the skin remains hot and continues to radiate heat, causing continued damage to the tissue. Rapidly cooling the skin stops this process and can be accomplished by using tap or sterile water for no longer than 1 minute or until the burned skin is the same temperature as normal skin (Campbell, 1988) . Chemical injuries need to be flushed copiously with water. Victims from electrical injuries cannot be approached until the current has been turned off.
A primary survey is essential prior to any treatment. Airway, breathing, and circulatory status of the bum victim must be immediately assessed. Close attention should be given to the airway as the nurse searches for any signs of inhalation injuries: bums or blistering around the mouth and nose, singed facial and nasal hairs, hoarseness, stridor or soot on the tongue. Carbon monoxide poisoning and smoke inhalation must be considered in bum victims whose history of the events and mechanism of injury raises the suspicion of such a problem. The nurse should be alert to subtle signs of confusion exhibited by the victim which can signal altered level of consciousness or hypoxia.
Smoke inhalation injuries are present in 20% to 35% of individuals admitted to bum centers and in 60% to 70% of all fatal bum injuries. Most fatalities at the scene of a fire occur from asphyxia or carbon monoxide poisoning. Early airway management is the key to successful resuscitation of the victim with inhalation injuries (Upright, 1991) .
If the mechanism of injury also involved a traumatic event that could have impacted the cervical spine, immobilization should be instituted (McSwain, 1989) . The modified jaw thrust or "jawlift" is the most appropriate maneuver to open the airway in a trauma victim and protect the cervical spine (Laskowski-Jones, 1993) . A more thorough assessment is necessary if the bum victim is unconscious or unable to respond to any questions. An oral pharyngeal airway may be necessary. Basic Life Support Standards (American Heart Association, 1993) state "look, listen, and feel" to evaluate breathing status including the rate and quality of respirations. The nurse will assist with ventilatory support when appropriate. Victims sustaining thermal injuries should be treated with high flow oxygen with a non-rebreather mask, even if they do not need assisted ventilations. If the level of consciousness is altered, it is recommended that the victim be ventilated with a bag valve mask and supplemental oxygen (Campbell, 1995 indicated in a non-distressed victim with an intact gag reflex due to the dangers of laryngospasm. The neck, chest, abdomen, pelvis, extremities, and the back need to be quickly scanned, examined, and assessed for signs of bums and trauma (deformity, contusions, and penetrations). This is part of the primary survey which helps to determine if the bum victim is a critical trauma victim. The injured person is considered a critical trauma victim regardless of the bum status if the nurse finds: • Any problems with ventilations, regardless of the cause.
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• Any signs of shock or impending shock. • Any alteration in the level of consciousness. The injured person should be transported immediately to the appropriate definitive care: trauma center, bum center, or nearest facility.
SECONDARY SURVEY
The objective of the secondary survey is to perform a more detailed head to toe assessment to determine the extent of the bums and whether other traumatic injuries exist. The bums can be estimated using the Rule of Nines
Burn Center Referral Criteria
• Second and third degree burn > 10% body surface in victims under 10 years or over 50 years • Second and third degree burns >20% body surface area in other age groups • Second and third degree burns that involve the face, hands, feet, genitalia, perineum, or major joints • Third degree burns >5% body surface area in any age group • Electric burns, lightning injury • Chemical burns with serious threat of functional or cosmetic impairment • Inhalation injury • Individuals with preexisting medical problems that could complicate the health status (e.g., cardiac and diabetes) • Individuals with associated trauma in which the burn injury poses the greater risk and appropriate transportation can be determined. However, any person identified as critical, or a "load and go," should have the secondary survey and insertion of intravenous line performed en route to the hospital. Performing the secondary survey must never impede delivering a person to definitive care (Bledsoe, 1994) . It is important to assess level of consciousness. Restlessness, confusion, or combative behavior can signal an impending airway compromise, trauma, or decreased oxygenation. Checking and recording vital signs, while noting the rate and quality of the pulse and respirations, is crucial. Blood pressures should be obtained on an unburned extremity. If all extremities are burned, a sterile gauze may be placed under the blood pressure cuff and an attempt made to auscultate a blood pressure. The airway should always be maintained and high flow oxygen administered by mask (Sanders, 1994) .
The nurse needs to attempt to obtain a complete and accurate history of the injury. The information should include the following: • What is the mechanism of injury, specific cause of the bum? • Was there potential for inhalation injury? • Did the incident involve a confined space? • Was the victim confined to one area? • Was the victim unconscious at the scene? • Were there spontaneous combustion or petroleum products? • Were chemicals involved? • Was there a potential for associated trauma involving an explosion, flying debris, or vehicular accident?
The nurse must determine if the victim has any preexisting health conditions including diabetes, epilepsy, cardiac, respiratory, or renal disease. Carefully examining the person for a Medic Alert tag is important. It is also important to ascertain if the victim has any known allergies or is taking any medications (McSwain, 1990) . The nurse must document all pertinent information.
TREATMENT

Intravenous Lines
Most bum victims do not require fluid resuscitation in the prehospital setting. Adequate fluid resuscitation is indicated to prevent hypovolemic shock. Excessive fluid administration in the absence of associated traumatic injuries can result in pulmonary edema, congestive heart failure, and cerebral edema. The American Bum Association recommends the following criteria for initiating intravenous fluid therapy in the prehospital setting: • Victims with bums exceeding 20% of the body surface and transport time is greater than 60 minutes from the time of the injury. • Hypovolemic shock from associated injuries. • Management of life threatening ventricular dysrhythmias. • Individuals requiring endotracheal intubation due to potential life threatening airway obstruction or cardiac arrest. The nurse can insert a large bore intravenous line of lactated ringers or normal saline through nonbumed tissue as the preferential route. Placement of an intravenous line in the prehospital setting greatly increases the risk of infection (Upright, 1991) .
Wound Care
All affected bum wounds need to be covered with a clean dry sheet. A blanket, both under and over the victim, may be needed to maintain body temperature, especially if cooling techniques have been administered. It is important to stabilize all associated injuries en route (i.e., fractures, dislocations, etc.). The nurse must not be distracted by the appearance of the injury, and must always remain focused on the correct priorities.
Pain Medication
Any analgesic should ideally be administered intravenously. Intramuscular administered analgesics are poorly absorbed and may later result in a cumulative effect with respiratory depression. The nurse can consult with the local EMS agency and regional bum center for advisement on this critical intervention. Monitoring vital signs frequently, including respiratory rates, peripheral pulses, circulation, level of consciousness, and EKG rhythm and rate is crucial.
Burn Center Referral
The Sidebar describes the criteria for referral to a bum center as recommended by the American Bum Association (Upright, 1991) .
Any victim meeting the American Bum Association's criteria should initially be transported to a bum center, if this can be accomplished within 60 minutes from the rescue team's arrival on the scene. If trans-portation to a bum center requires more than 60 minutes from the time of arrival on the scene by the rescue team, the victim must be transported immediately to the nearest appropriate hospital. Prior planning with a local EMS agency for transport decisions involving bum victims and those with associated injuries is encouraged.
The objective of prehospital stabilization of the bum victim is establishment and maintenance of an adequate airway and circulatory stability until definitive care can be instituted.
SPECIAL CONSIDERATIONS
Electrical Injuries
Electrical injuries account for 3% to 5% of admissions to bum centers and are responsible for> 1,000 deaths each year. Lightning injuries result in approximately 1,000 injuries and 300 deaths each year. Male adults are more frequently injured by electricity. Electric company employees, construction workers, and farm workers are more apt to sustain high voltage (>1,000 volts) injury. Electrical bums cause damage by electricity entering the body and traveling through the tissues. Extremities usually have more extensive injuries because their relatively small diameter results in higher local current density. Tissue resistance to electrical flow in the body is highest in bone, decreasing progressively through the fat, skin, muscle, blood, and nerve tissue. Factors that determine the severity of electrical injury include the type and amount of current, path of the current, and duration of contact with the current (Bledsoe, 1994; Upright, 1991) .
The two basic types of current are alternating current (NC) and direct current (D/C). The type of current can be a key to the patterns and severity of the electrical injury. Alternating current is more life threatening, as it can induce a tetanic spasm in the muscles, causing the victim to "freeze" to the source until the current can be disconnected. Alternating current can be classified as low or high voltage. Even a brief encounter with alternating current can result in cardiac arrhythmias, cardiac arrest, hypoxia, and respiratory arrest (Cummins, 1994) . Low voltage current is usually considered < 1,000 volts. Household current is commonly low voltage alternating current.
Direct current injuries usually result from high amperage and low voltage. This type of current is used in industrial processing and various medical devices. Familiar sources of direct current are a car battery or lightning.
Whatever the type of current, tissue injury occurs when the electrical energy is converted to heat. The electrical current travels from the contact site through the body, converting electrical energy into heat. The most visible and extensive damage occurs at the contact sites where charring of the skin can be observed. Electrical injury also may produce severe deep tissue injury with minimal skin involvement. This type of injury can be unnerving to the nurse because it may result in grossly underestimating the amount of underlying tissue damage. A "blowout" type of wound may be present at contact points, involving the dismemberment of feet or hands. Lightning can travel on the surface of the body and create web like or spidery cutaneous bum patterns (Fontanarosa, 1988) . APRIL 1998, VOL. 46, NO.4 Associated injuries can be seen as a result of an electrical event. Cervical spine and long bone fractures are usually the result of a fall and not from the electricity. Thoracic or lumbar spine fractures or dislocations may result from tetanic contractions of the muscles supporting the spine, induced by high voltage current. Surface bums can be caused by a victim's clothing being ignited. Internal chest or abdominal organ damage is exceedingly rare.
In the assessment of electrical bums, the cardiac status of the victim must be evaluated. Life threatening dysrhythmias are premature ventricular contractions, ventricular tachycardia, and ventricular fibrillation. Cardiac arrest from ventricular fibrillation, asystole, and also respiratory arrest is common (Cummins, 1994) . Aggressive advanced cardiac life support measures must immediately be instituted according to the standards of the American Heart Association. Electrical victims usually have normal, healthy hearts and the likelihood of resuscitation is excellent. A monitor should be placed on the victim and a monitor rhythm strip saved to document the victim's EKG baseline.
Chemical Injuries
Each year approximately 60,000 chemical injuries occur, resulting in 3,000 deaths. Exposure to chemicals can be found in the home, recreational environments, and occupational settings. Chemicals can cause serious local tissue injury and potentially systemic toxicity and organ failure, especially liver and kidney damage. Chemicals may be inhaled and cause lung tissue damage, leading to respiratory arrest. Chemical injuries can deceive the nurse because the initial examination of the skin can show minimal changes, yet mask a severe injury. The nurse's initial management of a chemical injury in the workplace may be the most important determinant of the victim's ultimate outcome (Merrick, 1994) .
The three types of caustic agents frequently associated with bum injuries are alkalis, acids, and organic compounds. Whatever the type of chemical involved, the nurse must take all necessary precautions in donning appropriate specialized protective equipment prior to administering any health care attention.
Alkalis are present in industrial cleansers such as drain cleansers, oven cleansers, and swimming pool chemicals. In the occupational setting, alkalis can be found in cements, concrete products, and some fertilizers and paint removers.
Acids are in products such as rust removers, drain cleansers, and swimming pool chemicals. Muriatic acid (hydrochloric acid) can be found in masonry cleaners.
Organic compounds (petroleum products) such as gasoline, diesel fuel, and creosote can all cause chemical injuries. Phenols also can be found in chemical disinfectants.
The severity of the injury depends on several factors: 
Emergency Response Equipment Guidelines
Because the majority of burn injuries occur in conjunction with other traumas, the following generic equipment list allows the to arrive at the scene prepared to meet most emergency response situations, including burns. Nurses need to survey their individual facilities for working environments, adding other necessary equipment after assessing the needs of their employee population.
Airway
Oral airways (assorted) Nasal pharyngeal airways ( Many more chemicals require special consideration and variation of health care treatment. However, nurses can mitigate hazardous situations by learning the types of chemicals used in their specific settings, analyzing Material Safety Data Sheets, and reviewing this information and treatment protocols with the local EMS agencies.
CONCLUSION
Nurses are often placed in a demanding role to provide treatment as the first responders to a burn incident. Initial assessment and stabilization of the burn victim requires familiarity with the pathophysiological responses occurring with these injuries (See Table 2 for equipment guidelines). Establishing scene safety, minimizing the burning process, and rendering appropriate and expeditious care are challenges nurses can successfully meet.
All burn victims need to be managed as trauma victims with a primary and secondary survey to rapidly determine life threatening problems and whether other injuries are present.
The most important concept in emergency management of burn victims is scene safety, the nurse's safety, and ultimately, the victim's safety.
Familiarity with the structures and functions of the skin is imperative to understand the pathophysiology and consequences of burn injuries. Journal 1998; 46(4) , 169-178.
AAOHN
The occupational health nurse must understand the prehospital principles for treatment of burn victims. This understanding promotes appropriate burn management which can impact mortality and morbidity.
Specific Chemical Injuries
Although the primary and most common treatment for most chemical burns is copious irrigation with water, petroleum contact burns and hydrofluoric acid require special considerations.
Petroleum contact burns. Gasoline and diesel fuels are solvents that can cause significant chemical burns if prolonged contact with the skin occurs. Although initially the injury may appear as insignificant first or second degree burns, it may be a full thickness injury. Absorption through the skin can cause systemic toxicity, central nervous system depression, lead toxicity, organ failure, and even death. A continuous amount of flushing with water is indicated (Upright, 1991) .
Hydrofluoric acid. Hydrofluoric acid is one of the most corrosive materials used in the occupational setting for cleaning fabrics and metals, etching of glass, and in the manufacture of some silicone chips for electronic equipment. Hydrofluoric acid has the potential to produce very deep and severe injuries, which in some cases lead to severe hypocalcemia and death. Any wound caused by hydrofluoric acid should be evaluated by the nurse and referred, or given immediate definitive care. The affected area needs to be flushed with water and, if available, immersed in Zephiran solution. Topical calcium gel and/or the subcutaneous administration of a 10% calcium gluconate solution may be necessary. The solution should be injected directly into the burn site. The medical director should specify the exact protocol and procedure for management (Upright, 1991) . tissue damage until the chemical is either consumed or removed. Inactivation or neutralization of the burn with another chemical is dangerous and contraindicated. Neutralizing chemicals may generate more heat and contribute to further tissue destruction. The other reactions may actually make the injury worse (Upright, 1991) .
The primary management of all individuals with chemical burns includes airway, breathing, and circulation assessment and intervention. If the victim was exposed to a chemical involving the face, the nurse must use a face mask with a one way valve or a bag valve mask device to assist with any ventilations. If cardiopulmonary resuscitation is initiated, the same type of precautions must be instituted to avoid self injury.
All clothes, including jewelry, should be removed and chemicals flushed off the body with copious irrigation. Fifteen minutes of continuous flushing of the affected area is considered the minimum time, unless the victim is critical or a "load and go" situation. If readily available, a shower should be used for irrigation.
Eyes are extremely sensitive when exposed to chemicals and pose a special problem. Copious irrigation of the eye is necessary to prevent permanent damage to the cornea. However, it may be difficult to maneuver eye irrigation due to pain associated with the eye. If contact lenses are present, they should be removed prior to any irrigation. Chemical antidotes or any other application of medications to the eye in the occupational setting is contraindicated.
